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(57) ABSTRACT

An image processing apparatus and an image processing
method are provided. The image processing apparatus
includes a sample unit, an amplifier, an analog to digital
converter, and a white balance unit. The sample unit is for
sampling a pixel to obtain a pixel voltage. The amplifier is for
amplifying the pixel voltage according to an analog gain. The
analog to digital converter is for converting the amplified
pixel voltage into digital pixel data, the digital pixel data
including a number of first sub-pixel data which are corre-
sponding to different colors. The white balance unit is for
obtaining a number of second of sub-pixel data from white
balance compensating the first sub-pixel data. The first sub-
pixel data are white balance compensated respectively
according to the analog gain and a number of white balance
gains which are corresponding to different sub-pixels.
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obtaining, at the white balance unit, a
number of third sub-pixel data according to
the first sub-pixel data and a number of
corresponding white balance gains

S210

determining
whether a full well level is

within a corresponding
range of the
analog gain

computing a current full well level according
to the full well level and the analog gain

S230

determining
whether the third sub-pixel

data is higher than the
current full
well level

determining, by the white balance unit, to clamp
the third sub-pixel data, and to output the current
full well level as the second sub-pixel
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~S5200
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~S220
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~S240
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1
APPARATUS AND METHOD FOR WHITE
BALANCE COMPENSATION OF PIXEL DATA

This application claims the benefit of Taiwan application
Serial No. 101102027, filed Jan. 18, 2012, the subject matter
of which is incorporated herein by reference.

BACKGROUND OF THE DISCLOSURE

1. Field of the Disclosure

The disclosure relates in general to an apparatus and a
method for image processing.

2. Description of the Related Art

Current photosensitive elements include, for examples,
digital charge-coupled device (CCD) or complementary
metal-oxide-semiconductor (CMOS) sensors. A saturation
level, or full well level, of a photosensitive element usually is
designed as one within the operation range of an analog to
digital converter. As such, when the analog to digital con-
verter uses a minimal analog gain, the saturation level of a
photosensitive element has a clamp point in the operation
range. Digital image processing of pixel data usually intro-
duces color distortion or noise of high luminance. In this
situation, a higher analog gain can be used such that the
saturation level has a clamp point outside the operation range
of the analog to digital converter, thereby improving image
defects. However, the usage of a higher analog gain decreases
the dynamic range of the image, and causes increased noise.

SUMMARY OF THE DISCLOSURE

The disclosure is directed to an image processing apparatus
and an image processing method which can improve the
dynamic range of images.

According to an aspect of the present disclosure, an image
processing apparatus is provided. The image processing
apparatus includes a sample unit, an amplifier, an analog to
digital converter, and a white balance unit. The sample unit is
for sampling a pixel to obtain a pixel voltage. The amplifier is
for amplifying the pixel voltage according to an analog gain.
The analog to digital converter is for converting the amplified
pixel voltage into digital pixel data. The digital pixel data
includes a number of first sub-pixel data which are corre-
sponding to different colors. The white balance unit is for
obtaining a number of second sub-pixel data from white
balance compensating the first sub-pixel data. The first sub-
pixel data can be white balance compensated respectively
according to the analog gain and a number of white balance
gains which are corresponding to different sub-pixels.

According to another aspect of the present disclosure, an
image processing method is provided. The image processing
method includes a number of steps. A pixel is sampled to
obtain a pixel voltage. The pixel voltage is amplified accord-
ing to an analog gain. The amplified pixel voltage is converted
into digital pixel data, the digital pixel data including a num-
ber of first sub-pixel data which are corresponding to different
colors. A number of second sub-pixel data is obtained from
white balance compensating the first sub-pixel data. The first
sub-pixel data are white balance compensated respectively
according to the analog gain and a number of white balance
gains which are corresponding to different sub-pixels.

The above and other aspects of the disclosure will become
better understood with regard to the following detailed
description of the preferred but non-limiting embodiment(s).
The following description is made with reference to the
accompanying drawings.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing the image processing
apparatus according to an exemplary embodiment.

FIG. 2 is a flow chart showing the white balance unit
performs exposure extension according to an exemplary
embodiment.

FIG. 3 is a schematic diagram showing the relationship
between the second sub-pixel data and the exposure time/
image-capturing sensitivity.

DETAILED DESCRIPTION OF THE
DISCLOSURE

The image processing apparatus and the image processing
method described in this disclosure can improve the dynamic
range of images, and be used in applications for noise reduc-
tion.

In this disclosure, an image processing apparatus is pro-
vided. The image processing apparatus can include a sample
unit, an amplifier, an analog to digital converter, and a white
balance unit. The sample unit is for sampling a pixel to obtain
a pixel voltage. The amplifier is for amplifying the pixel
voltage according to an analog gain. The analog to digital
converter is for converting the amplified pixel voltage into
digital pixel data. The digital pixel data includes a number of
first sub-pixel data which are corresponding to different col-
ors. The white balance unit is for obtaining a number of
second sub-pixel data from white balance compensating the
first sub-pixel data. The first sub-pixel data can be white
balance compensated respectively according to the analog
gain and a number of white balance gains which are corre-
sponding to different sub-pixels.

In the course of providing the second sub-pixel data, the
white balance unit can provide a number of third sub-pixel
data according to the first sub-pixel data and the white balance
gains, then determine whether to clamp the third sub-pixel
data according to the analog gain and a full well level of the
pixel so as to provide the second sub-pixel data.

FIG. 1 is a block diagram showing the image processing
apparatus according to an exemplary embodiment. Referring
to FIG. 1, the image processing apparatus 100 includes an
auto exposure unit 105, a sample unit 110, an amplifier 120,
an analog to digital converter 130, a digital black level cali-
bration unit 140, an auto white balance unit 150, a white
balance unit 160, and a color filter array interpolation unit
170. The sample unit 110, the amplifier 120, and the analog to
digital converter 130 may integrated into an image sensor, and
the image sensor can further include or be externally coupled
to a photosensitive element such as an element based on
Charge-coupled Device (CCD) or complementary metal
oxide semiconductor (CMOS) which provides the sample
unit 110 with image input signal. Besides, the digital black
level calibration unit 140, the white balance unit 160, and the
color filter array interpolation unit 170 can be for example
integrated into an image processor, but this disclosure is not
limited thereto. Besides, the image processor can further
include one or more units or circuits for color correction,
Gamma correction, and/or image enhancement.

The auto exposure unit 105 controls the sample unit 110 to
sample a pixel and obtain a pixel voltage. The auto exposure
unit 105 provides an analog gain Analog_Gain to the ampli-
fier 120, and the amplifier 120 amplifies the pixel voltage
according to the analog gain Analog Gain. The analog to
digital converter 130 converts the amplified pixel voltage into
adigital pixel data, the digital pixel data includes a number of
first sub-pixel data which are corresponding to different col-
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ors, such as red sub-pixel data R, green sub-pixel data Gr/Gb,
and blue sub-pixel data B. The digital black level calibration
unit 140 is coupled between the analog to digital converter
130 and the white balance unit 160, and is for performing
black level calibration of the digital pixel data.

The auto exposure unit 105 provides analog gain Analog_
Gain for the white balance unit 160. Meanwhile, the auto
white balance unit 150 provides a number of white balance
gains WB_Gains which are corresponding to different sub-
pixels for the white balance unit 160. The white balance gains
WB_Gains include for example a white balance gain
WB_R_Gain corresponding to the red sub-pixel data R, a
white balance gain WB_Gr_Gain/WB_Gb_Gain correspond-
ing to the green sub-pixel data Gr/Gb, and a white balance
gain WB_B_Gain corresponding to the blue sub-pixel data.
The white balance unit 160 performs white balance compen-
sation on the first sub-pixel data according to the analog_Gain
provided by the auto exposure unit 105 and the white balance
gains WB_Gains provided by the auto white balance unit 150,
respectively, so as to obtain a number of second sub-pixel
data. The white balance unit 160 provides an RAW image
data which can include the second sub-pixel data to the white
balance unit 160. The color filter array interpolation unit 170
obtains a tri-primary color image data such as an RGB image
from interpolating the RAW image data provided by the white
balance unit 160.

FIG. 2 is a flow chart showing how the white balance unit
performs exposure extension according to an exemplary
embodiment. The exemplary embodiment can be used in the
white balance unit 160 of FIG. 1 for performing the white
balance compensation. Refer to FIG. 2. In step S200, the
white balance unit 160 obtains a number of third sub-pixel
data according to the first sub-pixel data and a number of
corresponding white balance gains WB_Gains. Exemplarily,
the white balance unit 160 computes multiplication of the first
sub-pixel data and the white balance gains WB_Gains respec-
tively, and serves the multiplication result as the third sub-
pixel data. For example, the multiplication of a red sub-pixel
data R and a white balance gain WB_R_Gain can be served as
a third sub-pixel data R', the multiplication of a green sub-
pixel data Gr/Gb and a white balance gain WB_Gr_Gain/
WB_Gb_Gain can be served as a third sub-pixel data Gr'/Gb',
and the multiplication of a blue sub-pixel data B and a white
balance gain WB_B_Gain can be served as a third sub-pixel
data B'.

In step S210, the white balance unit 160 determines
whether a full well level of the pixel is within a corresponding
range of the analog gain Analog_Gain. The range can be
obtained from the analog gain Analog_Gain and a bit number
of'the analog to digital converter 130. For example, the range
can be between a digital pixel data obtained when the analog
gain Analog_Gain is 1 and a maximum digital pixel data 2” of
an n-bit analog to digital converter 130. When the full well
level is determined not to be within the range, the procedure
can be ended. In other words, the white balance unit 160 does
not clamp the third sub-pixel data, and can provide the third
sub-pixel data as the second sub-pixel data.

On the other hand, when the full well level is determined to
be within the range, steps S220 and S230 are executed
sequentially. In the step S220, the white balance unit 160
computes a current full well level according to the full well
level and the analog gain Analog Gain. Exemplarily, the
white balance unit 160 can compute multiplication of the
analog gain Analog_Gain and the full well level, and serve the
multiplication result as the current full well level. Further, the
white balance unit 160 can limit the current full well level to
a number of 2”! where n is the bit number of the pixel. In
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other words, when the multiplication result of the analog gain
Analog_Gain and the full well level is higher than 2", the
current full well level can be substantially equal to 27

In step S230, the white balance unit 160 compares each of
the third sub-pixel data with the current full well level, so as
to determine whether each of the third sub-pixel data is higher
than the current full well level respectively. When the deter-
mination result of the step S230 is false, the procedure is
ended. In other words, the white balance unit 160 does not
clamp sub-pixel data, and can provide the third sub-pixel data
as the second sub-pixel data. On the other hand, when the
determination result of step S230 is true, the step S240 is
executed. In step S240, the white balance unit 160 can clamp
the third sub-pixel data higher than the current full well level,
and for example, output the current full well level as the
second sub-pixel correspondingly.

For further illustration, when the third sub-pixel R' is deter-
mined to be higher than the current full well level, a corre-
sponding second sub-pixel data can be equal to the current
full well level. On the other hand, when the third sub-pixel R’
is determined not to be higher than the current full well level,
the corresponding second sub-pixel data can be equal to the
third sub-pixel data R'. Analogically, when the third sub-pixel
Gr'/Gb' is determined to be higher than the current full well
level, a corresponding second sub-pixel data can be equal to
the current full well level. On the other hand, when the third
sub-pixel Gr'/Gb' is determined not to be higher than the
current full well level, the corresponding second sub-pixel
data can be equal to the third sub-pixel data Gr'/Gb'. Analogi-
cally, when the third sub-pixel B' is determined to be higher
than the current full well level, a corresponding second sub-
pixel data can be equal to the current full well level. On the
other hand, when the third sub-pixel B' is determined not to be
higher than the current full well level, the corresponding
second sub-pixel data can be equal to the third sub-pixel data
B

As is described in the disclosed embodiments, the second
sub-pixel data can be clamped at or limited to the current full
well level. FIG. 3 is a schematic diagram showing the rela-
tionship between the second sub-pixel data and the exposure
time/image-capturing sensitivity. As can be seen from FIG. 3,
when the image processing apparatus uses a high image-
capturing sensitivity, i.e., a high analog gain Analog_Gain is
used, the second sub-pixel is clamped at or limited to the
current full well level. Therefore, color distortion or noise of
high luminance resulting from use of a high analog gain
Analog_Gain can be reduced.

According to embodiments of the present disclosure, an
image processing method is provided. The image processing
method includes a number of steps as follows. A pixel is
sampled to obtain a pixel voltage. The pixel voltage is ampli-
fied according to an analog gain. The amplified pixel voltage
is converted into digital pixel data, the digital pixel data
including a number of first sub-pixel data which are corre-
sponding to different colors. A number of second sub-pixel
data is obtained from white balance compensating the first
sub-pixel data. The first sub-pixel data are white balance
compensated respectively according to the analog gain and a
number of white balance gains which are corresponding to
different sub-pixels. As for the image processing method, its
operation, thus, can be derived similarly with reference to the
above-related description of image processing apparatus 100
and will not be specified for the sake of brevity.

According to the disclosed embodiments of the image pro-
cessing apparatus and the image processing method, white
balance compensation on pixel data can be performed accord-
ing to an analog gain and a white balance gain. In addition, the
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comparison result between a current full well level and the
pixel data can be used to determine whether to clamp the pixel
data or not. Thus, color distortion or noise of high luminance
can be reduced. Therefore, the disclosure can improve the
dynamic range of images, be used in applications which
require reduced noise, and provide increased image quality.

While the disclosure has been described by way of example
and in terms of the preferred embodiment(s), it is to be under-
stood that the disclosure is not limited thereto. On the con-
trary, it is intended to cover various modifications and similar
arrangements and procedures, and the scope of the appended
claims therefore should be accorded the broadest interpreta-
tion so as to encompass all such modifications and similar
arrangements and procedures.

What is claimed is:

1. An image processing apparatus, comprising:

a sample unit for sampling a pixel to obtain a pixel voltage;

an amplifier for amplifying the pixel voltage according to

an analog gain;

an analog to digital converter for converting the amplified

pixel voltage into digital pixel data, the digital pixel data
including a plurality of first sub-pixel data which are
corresponding to different colors; and

a white balance unit for obtaining a plurality of second

sub-pixel data from white balance compensating the first
sub-pixel data, the first sub-pixel data being white bal-
ance compensated respectively according to the analog
gain and a plurality of white balance gains which corre-
spond to different sub-pixels;

wherein the white balance unit provides a plurality of third

sub-pixel data according to the first sub-pixel data and
the white balance gains, and determines, according to
the analog gain and a full well level of the pixel, whether
to clamp the third sub-pixel data so as to provide the
second sub-pixel data.

2. The image processing apparatus according to claim 1,
wherein the white balance unit computes multiplication of the
white balance gains and the first sub-pixel data respectively,
and serves the multiplication result as the third sub-pixel data.

3. The image processing apparatus according to claim 1,
wherein the white balance unit determines whether the full
well level is within a corresponding range of the analog gain,
computes a current full well level when the full well level is
determined to be within the range, compares each third sub-
pixel data with the current full well level, and bases on the
comparison result to determine whether to clamp the third
sub-pixel data so as to provide the second sub-pixel data,
wherein the range is obtained from the analog gain and a bit
number of the analog to digital converter.

4. The image processing apparatus according to claim 3,
wherein when the full well level is determined not to be within
the range, the white balance unit determines not to clamp the
third sub-pixel data.

5. The image processing apparatus according to claim 3,
wherein the white balance unit computes multiplication of the
analog gain and the full well level, and serves the multiplica-
tion result as the current full well level.

6. The image processing apparatus according to claim 5,
wherein the white balance unit further limits the current full
well level to a number of 2(n-1) where n is the bit number of
the pixel.

7. The image processing apparatus according to claim 3,
wherein the white balance unit further determines whether
the third sub-pixel data is higher than the current full well
level, when the third sub-pixel data is determined to be higher
than the current full well level the white balance unit deter-
mines to clamp the third sub-pixel data, when the third sub-
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pixel data is determined not to be higher than the current full
well level the white balance unit determines not to clamp the
third sub-pixel data.

8. The image processing apparatus according to claim 3,
wherein when the white balance unit determines to clamp the
third sub-pixel data, the white balance unit provides the cur-
rent full well level and serves the current full well level as the
second sub-pixel data, when the white balance determines not
to clamp the third sub-pixel data, the white balance unit
provides the third sub-pixel data and serves the third sub-
pixel data as the second sub-pixel data.

9. The image processing apparatus according to claim 1
further comprises:

an auto exposure unit for controlling the sample unit and,
the auto exposure unit further for providing the amplifier
and the white balance unit with the analog gain.

10. The image processing apparatus according to claim 1

further comprises:

an auto white balance unit for providing the white balance
unit with the white balance gains.

11. The image processing apparatus according to claim 1

further comprises:

a digital black level calibration unit coupled between the
analog to the digital converter and the white balance
unit, the digital black level calibration unit for perform-
ing black level calibration of the digital pixel data.

12. The image processing apparatus according to claim 1

further comprises:

a color filter array interpolation unit for obtaining a tri-
primary color image data from interpolating an RAW
image data output from the white balance unit, wherein
the RAW image data include the second sub-pixel data.

13. An image processing method, comprising:

(1) sampling a pixel to obtain a pixel voltage;

(i1) amplifying the pixel voltage according to an analog
gain;

(iii) converting the amplified pixel voltage into digital pixel
data, the digital pixel data including a plurality of first
sub-pixel data which are corresponding to different col-
ors; and

(iv) obtaining a plurality of second sub-pixel data from
white balance compensating the first sub-pixel data,
wherein the first sub-pixel data are white balance com-
pensated respectively according to the analog gain and a
plurality of white balance gains which correspond to
different sub-pixels;

wherein the step (iv) comprises:

(a) providing, according to the first sub-pixel data and
the white balance gains, a plurality of third sub-pixel
data; and

(b) determining, according to the analog gain and a full
well level of the pixel, whether to clamp the third
sub-pixel data so as to provide the second sub-pixel
data.

14. The image processing method according to claim 13,
wherein the step (a) comprises computing multiplication of
the white balance gains and the first sub-pixel data respec-
tively, and serving the multiplication result as the third sub-
pixel data.

15. The image processing method according to claim 13,
wherein the step (b) comprises:

(b1) determining whether the full well level is within a

corresponding range of the analog gain;

(b2) computing, when the full well level is determined to be
within the range, a current full well level according to the
full well level and the analog gain; and
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(b3) comparing each third sub-pixel data with the current
full well level, and basing on the comparison result to
determine whether to clamp the third sub-pixel dataso as
to provide the second sub-pixel data.

16. The image processing method according to claim 15,

wherein the step (b3) comprises:

determining, when the full well level is determined not to
be within the range, not to clamp the third sub-pixel data.

17. The image processing method according to claim 15,
wherein the step (b2) comprises:

computing multiplication of the analog gain and the full
well level, and serving the multiplication result as the
current full well level.

18. The image processing method according to claim 17

further comprises:

limiting the current full well level to a number of 2(n-1)
where n is the bit number of the pixel.

19. The image processing method according to claim 15,

wherein the step (b3) comprises:

determining whether the third sub-pixel data is higher than
the current full well level; and

determining to clamp the third sub-pixel data when the
third sub-pixel data is determined to be higher than the
current full well level, determining not to clamp the third
sub-pixel data when the third sub-pixel data is deter-
mined not to be higher than the current full well level.

20. The image processing method according to claim 15,
wherein when the third sub-pixel data are clamped the current
full well level is provided and served as the second sub-pixel
data, when the third sub-pixel data are not clamped the third
sub-pixel data are provided and served as the second sub-
pixel data.

21. An image processing apparatus, comprising: a white
balance unit configured to:

obtain a plurality of third sub-pixel data according to a
plurality of first sub-pixel data and a plurality of white
balance gains which correspond to different first sub-
pixel data, wherein the plurality of first sub-pixel data
are with respect to a pixel and are digital pixel data;

determine whether a full well level of the pixel is within a
range corresponding to an analog gain;

compute a current full well level according to the full well
level and the analog gain, if the full well level is deter-
mined to be within the range corresponding to the analog
gain;

compare each third sub-pixel data with the current full well
level; and

determine, based on each comparison result, whether to
clamp the third sub-pixel data so as to provide a second
sub-pixel data.

22. The image processing apparatus according to claim 21,
wherein when the white balance unit determines to clamp the
third sub-pixel data, the white balance unit provides the cur-
rent full well level and serves the current full well level as the
second sub-pixel data, and when the white balance deter-
mines not to clamp the third sub-pixel data, the white balance
unit provides the third sub-pixel data and serves the third
sub-pixel data as the second sub-pixel data.

23. The image processing apparatus according to claim 21,
wherein the white balance unit further determines whether
the third sub-pixel data is higher than the current full well
level; when the third sub-pixel data is determined to be higher
than the current full well level, the white balance unit deter-
mines to clamp the third sub-pixel data; and when the third
sub-pixel data is determined not to be higher than the current
full well level, the white balance unit determines not to clamp
the third sub-pixel data.
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24. The image processing apparatus according to claim 21,
wherein the white balance unit is further configured to deter-
mine not to clamp the third sub-pixel data, if the full well level
is determined not to be within the range.

25. The image processing apparatus according to claim 21,
wherein the white balance unit further limits the current full
well level to a number of 2(n-1) where n is the bit number of
the pixel.

26. The image processing apparatus according to claim 21,
further comprises:

a sample unit for sampling the pixel to obtain a pixel

voltage;

an amplifier for amplifying the pixel voltage according to
the analog gain; and

an analog to digital converter for converting the amplified
pixel voltage into digital pixel data which includes the
plurality of first sub-pixel data corresponding to differ-
ent colors.

27. The image processing apparatus according to claim 21,

further comprising at least one of the following:

an auto exposure unit for controlling the sample unit and
providing the amplifier and the white balance unit with
the analog gain;

an auto white balance unit for providing the white balance
unit with the plurality of white balance gains which
correspond to different first sub-pixel data;

a digital black level calibration unit coupled between the
analog to the digital converter and the white balance
unit, for performing black level calibration of the digital
pixel data; and

a color filter array interpolation unit for obtaining a tri-
primary color image data from interpolating an RAW
image data output from the white balance unit, wherein
the RAW image data include the second sub-pixel data.

28. An image processing method, comprising:

obtaining a plurality of third sub-pixel data according to a
plurality of first sub-pixel data and a plurality of white
balance gains which correspond to different first sub-
pixel data, wherein the plurality of first sub-pixel data
are with respect to a pixel and are digital pixel data; and

determining, according to an analog gain and a full well
level of the pixel, whether to clamp the plurality of third
sub-pixel data respectively so as to provide a second
sub-pixel data.

29. The image processing method according to claim 28,
wherein the step of determining whether to clamp the plural-
ity of third sub-pixel data respectively so as to provide the
second sub-pixel data comprises:

determining whether the full well level of the pixel is
within a range corresponding to the analog gain;

computing a current full well level according to the full
well level and the analog gain, if the full well level is
determined to be within the range corresponding to the
analog gain;

comparing each third sub-pixel data with the current full
well level; and

determining, based on each comparison result, whether to
clamp the third sub-pixel data according to the current
full well level so as to provide the second sub-pixel data.

30. The image processing method according to claim 29,
wherein the step of determining whether to clamp the plural-
ity of third sub-pixel data respectively so as to provide the
second sub-pixel data further comprises:

determining, if the full well level is determined not to be
within the range, not to clamp the third sub-pixel data so
as to serve the third sub-pixel data as the second sub-
pixel data.
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31. The image processing method according to claim 29,
wherein the step of comparing each third sub-pixel data and
the step of determining whether to clamp the third sub-pixel
data comprises:

determining whether the third sub-pixel data is higher than

the current full well level;

determining to clamp the third sub-pixel data when the

third sub-pixel data is determined to be higher than the
current full well level; and

determining not to clamp the third sub-pixel data when the

third sub-pixel data is determined not to be higher than
the current full well level.

32. The image processing method according to claim 28,
wherein the step of determining whether to clamp the plural-
ity of third sub-pixel data respectively so as to provide the
second sub-pixel data further comprises:

when the third sub-pixel data are clamped, serving the

current full well level as the second sub-pixel data; and
when the third sub-pixel data are not clamped, serving the
third sub-pixel data as the second sub-pixel data.

33. The image processing method according to claim 28,
wherein the current full well level is limited to a number of
2(n-1) where n is the bit number of the pixel.

34. The image processing method according to claim 28,
further comprising:

sampling the pixel to obtain a pixel voltage;

amplifying the pixel voltage according to the analog gain;

and

converting the amplified pixel voltage into digital pixel

data which includes the plurality of first sub-pixel data
corresponding to different colors.

#* #* #* #* #*
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